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ABSTRACT 
Every person on earth strive hard to maintain a situation of comfort and this thirst for comfort does 
extend in maintaining thermal comfort. People long to have a comfortable ride in vehicles not just 
by having non-bumpy rides, but also to be comfortable by the air-conditioning systems for the 
vehicle. One’s travel experience would definitely be exalted by proper air-conditioning system. In 
any engineer’s point of view, one would expect the air-conditioning system not just to be of a mere 
merry-making device but also must ponder over the qualities of energy efficiency and productive 
efficiency. This article throws light on various innovations and improvement in air-conditioning 
system in vehicles and discusses about the pros and cons of the same. An attempt has been made to 
identify the best possible air-conditioning system for vehicles and the phenomena have been 
discussed.  Environmental impacts of such systems have also been discussed in the article. 
Keywords—Thermal Comfort, Energy Efficiency. 
1. INTRODUCTION 
Air Conditioning in automobiles began nearly a century back in 1930s’ when the first car 
was air-conditioned by C&C Kelvinator at Houston [1]. The riding-in-comfort development paved 
way for several ‘luxury’ sedans to be bought by people, which was followed by a series of 
technological developments in air-conditioning systems for vehicles. Several manufacturers’ right 
from Chrysler Airtemp to General Motors poured out series of competitive developments. To design 
any air-conditioning unit for automobiles, it is the preliminary requirement to compute various 
thermal loads that the air conditioning system would face in real time. Various thermal loads that 
an automobile air-conditioner would face [2] in the operation of the vehicle are as follows: 
1. Metabolic Load in cabin air 
2. Solar Radiation Load 
3. Ambient Environmental Load 
4. Ventilation Load 
It can be interpreted from a research work [2] that, out of the total load, solar load occupies 
to a greater extent followed by metabolic loads. The distribution of thermal loads is as shown in 
Fig.1  
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Fig: 1  Load Distribution for Automobile Air Conditioners          Fig:2 Variation in Cabin air temperature  [5] 
Air Conditioning definitely at a cost increases the load of the automobile engine [3]. This 
will definitely be a threat to the fuel economy of the vehicle. With reference to Fig.1, one could 
adopt a few methodologies [3] to reduce the thermal load to the air-conditioning systems: 
1. Ventilation with Evaporation Cooling 
2. Solar Reflective Glazing 
3. Proper Cabin Ventilation 
4. Sunshades 
 Putting aside these technological factors there is also another factor, of biological nature that 
also accounts in the performance of the system. In another research work [4], automobiles have 
been observed to have fungal deposits in the air-conditioning units. This situation is analogous to 
scale formation in boilers and hence there has to be methodologies to improve the air quality of the 
system. The variation in the temperature of the cabin [5] for three occupants and two occupants in 
the city of Pagoh, Malaysia at noon and is as shown in Fig.2. Vehicle speed was maintained 90kmph 
to 105kmph during the measurements. Such results have paved way for further researches to 
improve the thermal comfort inside the cabin. This article identifies a few innovative techniques 
that would improve the situation both for the satisfaction of ‘efficient-want’ engineers as well as 
the general public. 
2. TRADITIONAL AIR-CONDITIONING SYSTEMS FOR AUTOMOBILES 
Conventional Air Conditioning for Automobiles have (01) Compressor, (02) Condenser, 
(03) Capillary Tube/Expansion Valve, (04) Evaporator as their steller components. The various 
functions that a conventional air conditioner needs to perform in an automobile are [6]: 
1. Heating the air and/or Cooling the air (Temperature dependent) 
2. Blowing and transfer of air ( Air Flow Dependent) 
3. Cleaning the air (Purification) 
4. Humidifying or Dehumidifying the air (Relative Humidity Dependent) 
5. Associated Control Systems 
The process of air-conditioning in vehicles is as shown in Fig.3 
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Fig:3 Traditonal Air Conditoning                                                   Fig:4 Performance at R-134a Refrigerant 
Owing to the latent heat of the refrigerant, the refrigerant undergoes a change of phase and 
technically causes a ‘expelling the heat’ situation in the evaporator. The refrigerant then passes 
through the compressor and a condenser where the absorbed heat is released and then the refrigerant 
starts another cycle.In automobile air-conditioning systems the condenser is often a cross flow heat 
exchanger [7] where the tube side fluid will be the refrigerant and fins are used for heat transfer by 
air cooling process. The advantage of using this system is that the condensation process happens 
with a minimum pressure drop [7]. The rotation of the compressor is proportional to the vehicle 
speed [8]. The charge of the refrigerant also affects the performance of the air-conditioning unit. A 
research work has computed the effect of the charge on the performance [8] and is shown in Fig.4 
From Fig.4, it can be inferred that input power consumption rises with the charge of the refrigerant. 
The COP also comes down with increasing charge. 
3. ALTERNATE REFRIGERANTS 
Rather than conventional refrigerants (R22 and R134a), researches are being developed for 
alternative refrigerants to come into play. As conventional refrigerants set up an environmental load, 
engineers are in need to develop more eco-friendly refrigerants. A research work has tested the 
performance of an automotive air-conditioning unit using R290 (Propane) [9].  This refrigerant has 
been tested for Vapor Compression Refrigeration system.  The COP of the system has been found 
to reach a peak upto a count of 5.5.  
In another research work [10], it has been proposed that refrigerant R1234YF performs far 
better that R134a with environmental consideration. While the norms of the MAC Directive 
suggests Global Warming Potential (GWP) to be lesser than 150, R134a has a GWP of 1300! This 
refrigerant R1234YF has a GWP less than 4. Also the atmospheric life time of this refrigerant is 
just 11 days. 
In another article [11] 1,1-Difluoroethane (HFC 152a) and Carbon dioxide (R-744)have 
been stated to have great potential for to be used as a refrigerant commercially. HFC-152a is rates 
as an A2 Class refrigerant as per United States Norms. This indicated that it has minimal toxicity 
and a moderate level of flammability. R-744 is A1 Class refrigerant is not flammability. Though 
Carbon dioxide being a greenhouse gas, based on mass, it comparatively has limited damage to the 
environment comparatively. But it faces disadvantages of low efficiency at idle and high loads, 
higher operating pressure which demands safety. 
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3. NON-TRADITIONAL EXHAUST GAS UTILISATION TECHNIQUE 
One among the upcoming techniques is utilization of exhaust gas from the automobile 
engine. A research work [12] has tested its working in a Nissan 1400 Truck and has achieve positive 
results. The possibility of utilizing gas from an engine lies in operating a vapor absorption system 
rather than a vapor compression system. The schematic of a typical vapor absorption system is 
shown in Fig.5.  Out of the various working fluids in use, water and ammonia have a GWP of nearly 
0 [12] and hence is it eco-friendly. In this cycle the chief components being evaporator, absorber, 
and vapor generator. Vapor generator has to be supplied with heat energy from a source to drive the 
refrigerating cycle. Conventionally a boiler or any other electric system is put into practice. This 
innovative technique achieves this process in an automobile engine by supplying the heat from the 
products of combustion. Heat from the exhaust is provided to drive the refrigerating unit [12,13]. 
This proves both energy efficient as well as an eco-friendly attempt. This process does not cause 
any effect to the efficiency of the vehicle engine [13]. Water –Ammonia system possess a 
coefficient of performance in the range of 0.6-0.7 [14] and also a notable point in the system is that 
1m3 of  water absorbs 800 m3 of ammonia and the system can operate at low evaporator pressure 
without affecting the COP [14]. A research work [15] has compared the cooling load capacity of 
the heat exchanger of a Lithium Bromide vapor absorption system and air-ammonia system and the 
performance has been plotted in Fig.6. 
           Fig:5  A Typical Vapor – Absorption System.                                     Fig:6  Variation in Cooling Capcity [15] 
From Fig.6, it can be inferred that the cooling capacity trend for ammonia-water system is 
much higher than the Lithium Bromide-water system. Also one would a trend of increase in cooling 
capacity with respect to engine speed. For the ideal operation of this exhaust system a few key 
assumptions are necessary both in operational aspects as well as for mathematical modeling aspects 
[16]: 
1. There must not be any liquid carryover from the evaporator in the system. 
2. The operational aspects of evaporator, condenser, generator and absorber must be 
under the same pressure limits. 
3. The pumps used in the circuit must be nearly adiabatic in practical application. 
This system eliminates the necessity for a refrigerant compressor and also the atmospheric 
pollution due to the system seems reduced. Yet this system faces a quite a few disadvantages such 
as capacity drop with a drop in evaporator pressure, having a noisy appeal, poor performance at 
partial loads [17]. Coefficient of Performance (COP) and Specific Coefficient of Performance 
(SCOP) are two main parameters in the evaluation of this system [18]. Specific Coefficient of 
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Performance (SCOP) is calculated as a measure of evaporative cooling power and the charge. 
Another scope for waste heat utilization is on adsorption based system using desiccants.. The 
adsorption-desorption process repeats in a cyclical process. Periodic switching of wet and dry 
desiccation also takes place. This cycle COP is nearly 1.0 owing to the phenomena of large heat 
requirement for the regeneration of the desiccant for the cyclical process [19]. Thus waste heat 
utilization from engine exhaust finds beneficial in air conditioning for vehicles. This system finds 
applicability in modern vehicles but this case will not be applicable for electric vehicle and hybrid 
vehicles. 
4. NON-TRADITIONAL SYSTEMS FROM VEHICLE SUSPENSION 
Not just with conventional ‘thermal’ sources, automobile air-conditioning systems also suit a 
suspension’ source of activity. Conventional systems use a compressor driven by the engine for 
compressing air. This compression work can be done by a piston-cylinder arrangement coupled to 
the vehicle suspension system [20]. This system will compress the air and will get cooled by a 
coolant and the air will be supplied wherever necessary. A simple sketch of the scheme is provided 
in Fig.7. A research work [20] has utilized a simple pneumatic cylinder for the purpose. 
 
 
   Fig:7  Air Conditioning from Vehicle Suspensions                      Fig:8 Overall Power Losses in an IC Engine [15] 
This type of system is best suited for Indian Roads[21]. This system can also be made 
twofold by having an air-conditioning system as well as an electricity generation system by having 
(01) Spring, (02) Rack and pinion, (03) Gear Train, (04) Alternator, in addition to the system shown 
in Fig.7. This makes this system double beneficial [21]. 
 5. MISCELLANEOUS MECHANISMS 
A research work [22] has discussed for the possibility of a Jet Refrigeration system in air-
conditioning for vehicles.  The research work quotes a jet refrigeration system from the engine 
exhaust as only 30-35% of the energy from the fossil fuels is converted to energy. The rest being 
waste thermal energy can be effectively used for such systems. A research work [23] proposes that 
a thermoelectric couple air-conditioning for automobiles would eliminate the disadvantages of 
conventional air-conditioning systems. This Thermo-electric cooling system will definitely prove 
to be a solution for decrease in vehicle mileage due to Air Conditioning, energy consumption (5 to 
10%) for compressors. This thermo-electric cooling is based on a thermo-electric module which on 
power supply will provide a hot side and cold side and that when coupled with air flow channels 
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will cool the air, incorporating air conditioning. The main determinative parameters are cold side 
temperature hot side temperature. 
In another research work [24], instead of using engine exhaust as a heat source for driving 
Vapor Absorption System, researchers have opted to utilize the engine surface as a heat source. This 
will enable a twofold objective. One is an eco-friendly air-conditioning system and another cooling 
the engine which will maintain the efficiency of the engine. 
In another research work on Truck Air-Conditioning [25], increasing the COP of reversed 
Brayton Cycle has been discussed. This is possible with the help of a turbocharger. In this system 
engine driven turbocharger forces air to a compressor and after that to an intercooler. Thus the air 
gets high pressure and a low temperature. This air is then sent to a turbo-expander where it will 
expand and this air is sent to the cabin through ducts. Researchers [26] have done Computational 
Fluid Dynamics Analysis (CFD) that demonstrates the distribution of pressure and temperature 
through the turbo entities. 
6. SUSTAINABILITY ASPECTS AND AUXILLARY ASPECTS IN AUTOMOBILE AIR 
CONDITIONING 
For the successful operation of any air-conditioning system, a proper control system is 
necessary. In general two types of control systems are employed for automobile air-conditioning 
[27]. One is Thermal Expansion Valve (TXV) that regulates the flow of refrigerant, and Clutch 
Cycling Orifice Tube (CCOT) that is a temperature based control. In complementary to the ‘human 
thermal comfort’ based air conditioning systems, the vehicle can also afford for cool-box to store 
groceries and beverages. This complimentary activity can also be linked to the air-conditioning 
system and it can be made to operate under a single module.  Design of the system involves flow of 
the refrigerant through cool-box and thermo-electric modules are also found as a possible source 
for this [28]. 
Such air-conditioning system (conventional) in vehicles must also comply with the fuel 
consumption aspects. The fast depletion of fossil fuel will necessitate proper fuel consumption 
activities also. Present air conditioning systems reduce the fuel economy of the vehicle atleast by 
1.52 km per liter and the mileage by 2.5 km per liter [29]. Also CO2 emissions have also increased 
due to conventional air-conditioning systems. Hence energy efficient and eco-friendly measures are 
still necessary. Developments like using PTFE Expansion valve that strives hard to equalize the 
temperature before and after expansion [30] strive hard to improve the system efficiency but 
researches to put an end to emissions are still limited. Many researchers are plying to improve the 
efficiency of the system as well as the operation. Notable researches like CFD Analysis of 
Compressor Mounting Bracket for Air-Conditioning [31], Evaluation of noise in the compressor 
[32], Deployment of Scroll Compressors [33] for Vehicle Air Conditioning for achieving fuel 
economy, are definitely a few sources to improve system efficiency. 
In eliminating errors in the operation researchers have devised fault tree analysis [34] for 
air-conditioners that fires out possibilities of failures in automotive air-conditioners. As air quality 
is also an important measure to be taken into account, hence leaks (refrigerant and airflow) [34] 
have to be eradicated as the air-quality depends on the air-flow [35]. Standard practices and proper 
meteorological procedures have to be adopted in evaluation of the errors in the operation [36], 
improving reliability and sustainability. Further, the reliability of the refrigerants must also be taken 
care of [9-11, 37]. Systems like improving the ventilation of non-air conditioned vehicles [38] will 
also receive positive reviews from passengers. 
This article focuses on various innovative techniques that could take a leap in the near future 
to improve the existing trend of vehicle air-conditioning. Innovations like Air-Conditioning from 
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the waste exhaust air from engine, thermoelectric modules, reversed brayton cycle air-conditioning 
have been discussed. Further methodologies to avert the failure of air-conditioning systems have 
been discussed. Possible alternate refrigerants that could be used for creating an eco-friendly 
environment have also been discussed. Technologies are available everywhere, and at any time. It 
is upto us to utilize the available resources for the betterment of our human community. 
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